Abstract -Group contribution methods have been widely used for the estimation and prediction of properties of a great variety of chemical compounds and mixtures of compounds. In this paper, the glass transition temperature of polymers is evaluated by a second-order group contribution method previously developed by Ourique and Silva Telles (1997). From a total of 1018 polymers in the data base, 923 are selected as the training set to which group and interacting group contributions are assigned. The remaining 95 polymers are used as the validation set. Results are compared to the ones obtained by application method of Van Krevelen method's to the same data base.
INTRODUCTION
Prediction of the physical and chemical properties of pure substances and mixtures is a modern problem that frequently arises in the chemical process industries. These properties are essential for modeling, simulating and controlling chemical plants, as well as for designing new chemical specialties. Many researchers are involved in the development of methods for predicting properties of organic, inorganic and biochemical compounds. Most of them are first-order group contribution methods (Joback and Reid, 1987; Reid et al.; , although some second-order group contribution methods have also been considered (Gani et al., 1991) .
In the polymer industry is also required reliable and robust methods for estimating the development of properties of polymers. The early work in this area can be credited to Van Krevelen (1990) , who extended the group contribution approach to prediction of polymer properties.
This paper aims to extend the second-order group contribution technique proposed by Ourique and Silva Telles (1998) to prediction of polymer properties. The value of a monomer property is to be obtained by adding the contributions assigned to individual groups and pairs of groups. We apply the proposed technique to the estimation of the glass transition temperature of polymers, yet it can be applied to a large set of polymer properties.
SELECTION OF FUNCTIONAL GROUPS FOR DESCRIPTION OF STRUCTURE
The main task in any group contribution strategy is the choice of the representation set from which all molecular structures will be generated. The selection of these groups must take into account three basic assumptions. First, the molecular structure of any desired substance should be assembled by combining the functional groups contained in the presentation set. Second, there must be a quantitative value associated with the prediction of every property for each functional group in the representation set. Third, the representation set as well as its property values must remain constant while compounds are assembled.
According to these assumptions, the total value of a property can be accurately calculated by adding all group contributions, provided these contributions can be precisely assigned (first-order group contribution methods). The contribution of a group to a given property, however, varies within different classes of compounds reducing the accuracy of group contribution techniques. The inclusion of more assembling units which can be considered a set of single units and their group contribution the sum of these single units can be seen as an attempt to overcome these limitations. Table 1 shows the functional groups that are used in this work for estimating glass transition temperature (Tg) for polymers, which are very similar to the ones adopted by Joback and Reid (1987) . Functional groups are labeled as primary, secondary, tertiary and quaternary according to the number of attachments they can establish with other groups. Groups with one or more double bonds are labeled as unsaturated groups used for building cyclic structures are labeled as ring groups and groups that constitute aromatic structures are labeled as aromatic groups. 
Examples of Functional Group Assignment for Some Polymers
In order to illustrate how functional groups are assigned, we provide two examples of these assignments for some polymers. 
METHODOLOGY
Van Krevelen (1990) proposed that polymer properties be calculated by the purely group additive relationship,
where F i defines the identity and contribution of a functional group i and n i corresponds to its frequency in the molecule.
Values for the groups presented in Table 2 are available in Van Krevelen (1990) , and for estimation of Tg calculated as stated in equation 1.
In this work, polymer properties are estimated by a second-order group contribution method, according to the following expression:
in which F is the property to be estimated N c denotes the total number of functional groups in the polymer structure and S c represents the number of pairs of these groups F i corresponds to the contribution of group i to property F and G j is the contribution of pair j to property F and n i and m j represent the frequencies of groups and pairs of groups, respectively. Considering that a whole set of NP properties is to be calculated for a single molecule, this expression can be put into an equivalent matrix form:
in which F is an NS x NP matrix with estimated values for NP properties of NS substances X is an NS x (N c +S c ) matrix containing the number of occurrences for each group and for each pair in the desired molecules and A is an (N c +S c ) x NP matrix with group and pair contributions for a whole set of NP properties. Application of the proposed formulation requires that matrix A be known. Also, each molecular structure of each polymer must be depicted in terms of functional groups and pairs of groups, allowing matrix X in Eq. 3 to be assigned. In order to specify matrix A, one must choose a set of polymers whose molecular structures contain all functional groups and pairs of groups used for further molecular representation. On the other hand, the number of times a group or a pair appears in this data set will determine the reliability of its contribution for every estimated property. For all these reasons, the choice of a well-balanced data set is essential for the success of the proposed method.
We have thus constructed a data base with several important properties for 923 polymers. This data set is then used to determine group and pair contributions to each one of these properties, as described below.
From Eq. 3, one can see that matrix A, which contains values for group and pair contributions, is the unknown. Matrix X contains frequencies for groups and pairs of groups in each polymer structure. Since matrix A is not-square, solution of Eq. 3 for A can be obtained with
in which X* is the Moore-Penrose pseudo-inverse matrix, defined as the matrix that minimizes the quadratic deviation,
which is equivalent to
The minimum value is obtained by
from which X is determined as follows: 
RESULTS
Group and pair contributions obtained by application of the procedure described in the previous section for the set of 923 polymers listed in Brandup and Immergut (1989) are employed for estimation of the glass transition temperature (Tg) of another 95 polymers. Table 3 contains the results for this verification set. Figure 1 shows the distribution of percentage of error between experimental values and calculated values. are obtained for poly(oxy-2,2-diethyltrimethyleneoxycarbonylimino-4-methyl-1,3-phenyleneiminocarbonyl) with 88% error; poly (oxypimeloyloxy-2,6-diphenyl-1,4-phenylenemethylene-3,5-diphenyl-1,4-phenylene) with 61% error and poly(tio-1-ethylethylene) with 57%. Van Krevelen's method can not be applied to the estimation of Tg for 26 compounds of the validation set, because of the absence of some groups in Van Krevelen's set of group contribution. 
